To identify factors associated with improved performance of health care workers who treat ill children in developing countries, the authors analyzed a sample of consultations of children with malaria (defined as any fever) from a national health facility survey conducted in the Central African Republic from December 1995 to January 1996. Twenty-eight health care workers and 204 children were studied. A univariate analysis revealed the following significant predictors of correct treatment, as defined by the Central African malaria control program: high fever (odds ratio (OR) = 3.25, 95% confidence interval (Cl): 1.47, 7.17); correct health care worker diagnosis (OR = 2.59, 95% Cl: 1.39, 4.85); and the caregiver's reporting the child's fever to the health care worker (OR = 2.18, 95% Cl: 1.32, 3.62). There was an unexpected inverse association between the presence of a fever treatment chart and correct treatment (OR = 0.19, 95% Cl: 0.04, 0.91). Correct treatment was marginally associated with a longer consultation time (p value for trend = 0.058). Neither in-service training in the treatment of fever nor supervision was significantly associated with correct treatment. For child health programs to improve, targeted studies are needed to understand which factors, alone or in combination, improve health care worker performance. Am J Epidemiol 2000;151:1029-35. acute disease; case management; child health services; developing countries; epidemiologic methods; malaria; primary health care; quality assurance, health care
With approximately 9 million children under 5 years of age in developing countries dying each year from preventable causes, improving the quality of child health care remains an important, yet elusive goal (1) . Despite the existence of global programs to improve the health care provided to ill children, the quality of such care in many developing countries remains poor (2) (3) (4) (5) . To design more effective programs, policymakers need a better understanding of the determinants of health care worker performance.
A number of studies in developing countries have sought to identify which health care worker-, health facility-, and child-specific factors influence health care worker performance. The health care worker factors considered have included training, supervision, motivation, self-confidence, perception of caregivers' expectations, and the fear that unsatisfied caregivers will take their children to another health care provider (6) (7) (8) (9) (10) (11) (12) . The health facility characteristics considered have included the availability of supplies, patient load, presence of "job aids" such as treatment charts, and presence of other trained health care workers (4, 13) (L. A. Lee et al., Centers for Disease Control and Prevention, unpublished manuscript). The child factors considered have included the child's sex, illness severity, and caregivers' demands (8, 14, 15) .
These studies have important limitations. First, most were small intervention trials that focused on a narrow range of factors. Second, when multiple factors were studied, no attempt was made to adjust for potential confounding. We have found no published study of health care worker performance in developing countries analyzed with multivariable techniques. Third, correlation, or clustering, in the data was not accounted for in the analysis. In studies evaluating the treatment of more than one child per health care worker, failure to account for the similarities in the way a particular health care worker treats his or her patients may result in an underestimation of variance and an increased type I error rate. We are aware of no published studies that properly accounted for this correlation.
To identify predictors of correct treatment by health care workers, we analyzed a sample of consultations of children with fever from a health facility survey conducted in the Central African Republic with multivariable techniques appropriate for correlated data.
MATERIALS AND METHODS

Study design and population
We conducted a cross-sectional survey designed to characterize the performance of health care workers who treated ill children 2-59 months of age at health facilities in the Central African Republic from December 1995 to January 1996. To identify predictors of correct treatment by health care workers, we restricted the analysis to visits made by children who met the Central African case definition for malaria: any child <5 years of age with fever or history of fever. This case definition is consistent with guidelines from the World Health Organization (16) .
We used a stratified cluster sampling design. The primary sampling unit was the health facility, and a cluster was defined as all ill-child consultations at a health facility on a single day. We used two strata: small health facilities (health posts, generally oneroom health facilities) and large health facilities (health centers, private health facilities, and hospitals); 11 small and 22 large health facilities were selected by systematic random sampling.
The sample size was chosen so that data could be analyzed with large sample methods (approximately 30 clusters). Thirty-three health facilities were included in the sample because we estimated that 10 percent of the health facilities would be closed.
Data collection
There were three survey teams. Clinical evaluations were performed by nurses with extensive clinical and survey experience. Training took 2 weeks and continued until the agreement of practice results of surveyors and study investigators was >90 percent.
Survey teams arrived at health facilities before the official opening time and stayed until the last patient was seen. Data were collected using five methods: 1) observation of consultations using a standardized checklist; 2) repeat examination of children by a study clinician out of the health care worker's view; 3) standardized exit interviews with caregivers (usually mothers) to determine whether the health care worker had given an antimalarial or a prescription for an antimalarial; 4) assessment of health facility supplies using a checklist; and 5) standardized interviews with health care workers to characterize their training, supervision, and perceived barriers to the provision of optimal care to ill children. We assessed knowledge by asking health care workers, in an open-ended format, how they would treat children with fever presented in four case scenarios.
Definitions of variables
A child was considered to have malaria if the caregiver told the survey clinician that her child had fever with the current illness or if the survey clinician measured a temperature of ^38.0°C. The definition of the outcome, correct malaria treatment, was based upon recommendations of the Central African Republic's malaria control program (17). Correct treatment for children without "danger signs" of severe illness (history of a convulsion in the previous 3 days, lethargy or unconsciousness, and inability to drink) was defined by the health care worker providing the child's caregiver with either a recommended antimalarial or a prescription for a recommended antimalarial (chloroquine, quinine, amodioquine, or sulfadoxme-pyrimethamine). For children with danger signs, correct treatment was defined by either 1) providing the child's caregiver with quinine; 2) providing the child's caregiver with a prescription for quinine; or 3) referring the child to a hospital.
A health care worker's fever knowledge score equaled the number of fever case scenarios for which the health care worker responded with a fever treatment that agreed with the national policy of the Central African Republic. Health care worker promotions and participation in an in-service fever training course were self-reported by health care workers. The Central African Republic in-service fever training course was designed to be a 6-day course that used adult teaching techniques, including interactive discussions, demonstrations, and role play. The course included one morning practical session during which children at a health facility were evaluated by participants.
For health care worker supervision, we focused on the 6-month period preceding the survey visit. We classified the quality of health care worker supervision into three groups: no supervision, supervision without observation and feedback, and supervision with observation and feedback. A health care worker was considered to have had "supervision with observation and feedback" if at least once in the past 6 months he or she reported being supervised during a consultation with an ill child and receiving feedback from the supervisor. The frequency of supervision was analyzed by grouping the number of visits into four categories: no visits, 1-3 visits, 4-6 visits, and >6 visits. In this final category, two health care workers reported receiving 24 visits (weekly visits) and, to reflect this singularity, we labeled this category as "24 visits." A child's age was based upon the birth date recorded on a health card or, when no card was available, the age reported by the caregiver. Sex was not recorded during the survey; during data processing, it was determined from the child's name. The sex of any child whose name was not obviously associated with a particular gender was set to missing. "High fever" was defined as a temperature >39.0°C. The presence of danger signs was determined by the examination of the survey clinician. A child's illness was considered diagnostically simple ("case simplicity") if the child had fever without diarrhea, cough, or difficult breathing. The duration of consultations was analyzed by grouping consultation times into tertiles.
Data analysis
All analyses were done with SAS version 6.12 software (18) . We used logistic regression models fit with the SAS GENMOD procedure, with an exchangeable working correlation matrix. This method uses generalized estimating equations to account for the potential correlation of correct treatment among children treated by a single health care worker. That is, we allowed for the possibility that any given health care worker might tend to make similar mistakes (or similar correct decisions) for the children he or she treated. An exchangeable working correlation matrix was chosen because we felt the correlation in outcome for any pair of children treated by the same health care worker would be approximately constant. Hypothesis testing and confidence interval calculations were made with an alpha level of 0.05.
For each predictor of correct treatment, we estimated an odds ratio and 95 percent confidence interval for the association with the outcome. Tests for trend were performed by modeling multilevel factors with an ordinal variable and testing whether the parameter was significantly different from zero; only p values are presented. Confounding was examined in three steps. First, based on a priori considerations, we identified factors that were known or suspected predictors of the outcome. Second, for each significant factor, the odds ratio was individually adjusted for each of the other factors. Third, a model was constructed containing all significant predictors.
RESULTS
Enrollment
Of the 33 health facilities selected, five were excluded: one could not be located, one was permanently closed, two were temporarily closed because the health care worker had left for a prolonged period, and one had no consultations for children with fever. The final sample of 28 health facilities included two regional hospitals, three private clinics, 14 health centers, and nine small health posts (table 1) . Each health facility had a single health care worker who treated ill children.
In all, 347 patients came to the 28 health facilities surveyed. Of these patients, 204 were 2-59 months of age and met our case definition for malaria, and all were enrolled. Of these 204 children, 103 (50.5 percent) were <12 months of age, and eight (3.9 percent) had at least one danger sign. Of the 183 febrile children for whom sex was determined, 100 (54.6 percent) were males. Of the 201 children with fever who had a temperature measured by a survey clinician, 25 (12.4 percent) had a fever >39.0°C (the temperatures for three children were missing). The median consultation time was 6 minutes (25th-75th interquartile range: 5-11 minutes). Although health facilities were generally open during the official hours (from 6:30 a.m. to 1:30 p.m.), most consultations (87.7 percent) began between 8 a.m. and 11:59 a.m.
Description of in-service fever training
The timing, duration, and clinical content of most training courses were similar. All health care workers stated their courses occurred 3-5 years before the survey. The duration of one training course was 2 days; two courses lasted 6 days each; four courses lasted 7 days each; and one course lasted 14 days. All health care workers reported that their courses included practical exercises evaluating ill children.
Health care worker perceptions and knowledge assessment
A lack of training, medications, equipment, and personnel comprised the barriers to providing correct treatment most frequently reported by health care workers (table 2) . Heavy patient load, lack of time, and caregivers who demanded inappropriate medicines were infrequently mentioned.
In the knowledge assessment, the proportion of health care workers who gave a correct treatment response varied according to the complexity of the case scenario. The greatest proportion of health care workers (92.9 percent) who included an antimalarial in their response was for a scenario of a child who had only malaria; for scenarios describing malaria plus a second illness, the proportions were considerably lower, ranging from 28.6 percent to 50.0 percent. Although not significantly different, the proportion of trained health care workers who correctly answered at least three of the four scenarios (2/8 or 25 percent) was lower than the proportion for untrained health care workers (8/20 or 40 percent) (p = 0.67).
Predictors of correct fever treatment
Of 204 children with fever, 102 (50.0 percent) were correctly treated. For most factors studied, the proportion of children correctly treated was similar whether or not the factor was present ( analysis revealed the following significant predictors of correct treatment: high fever (odds ratio (OR) = 3.25, 95 percent confidence interval (CI): 1.47, 7.17); correct health care worker diagnosis (OR = 2.59, 95 percent CI: 1.39, 4.85); and the caregiver's reporting the child's fever to the health care worker (OR = 2.18, 95 percent CI: 1.32, 3.62). We found an unexpected inverse association between the presence of a fever treatment chart and correct treatment (OR = 0.19, 95 percent CI: 0.04, 0.91). Correct treatment was marginally associated with a longer consultation time (p value for trend = 0.058). Neither in-service fever training nor supervision was significantly associated with correct treatment.
Multivariable analyses supported the findings of the univariate analysis. When we assessed potential confounding by adjusting for other covariates one at a time, odds ratios for the significant predictors differed somewhat from those found in the univariate analysis. These differences, however, did not result in large changes in interpretations compared with the univariate analysis. When the four factors that were significant in the univariate analysis were included in a single model, all four factors remained significant, and the odds ratios were similar to those estimated in the univariate analysis.
DISCUSSION
Three factors were significantly associated with correct fever treatment: high fever, correct health care worker diagnosis, and the caregiver's reporting the child's fever to the health care worker. The results sug- gested an association between correct treatment and longer consultation times, and there was a paradoxical association between correct treatment and the absence of a fever treatment chart. Neither in-service training in fever treatment nor supervision was associated with correct treatment.
The factor most strongly associated with correct fever treatment was a child's having a high fever. This association may reflect the perception that a high fever means a more severe illness and thus is in greater need of treatment. Studies of home treatment of diarrhea in Asia and Africa have shown that caregivers are more likely to institute treatment when they perceive the child's illness to be severe (14, 15) . Our study suggests that the same process of deciding whom to treat may apply to health care workers.
The association between correct diagnosis and correct treatment agrees with the common sense notion that correct diagnosis is part of the process of choosing a correct treatment. These findings support interventions that improve health care worker diagnostic skills.
Our study showed that the odds of correct treatment were greater when caregivers told health care workers of their child's fever. This finding underscores the importance of the World Health Organization's recommendation that health care workers should assess children for the presence of key symptoms, such as fever, regardless of their initial complaint (19) . Health care workers can treat only the illnesses they detect, and relying on caregivers to inform health care workers of symptoms may result in a substantial number of illnesses being missed.
Two other factors associated with correct treatment were longer consultation times and the absence of a fever treatment chart. We found a nearly significant positive dose-response relation between consultation length and correct treatment. If this finding is confirmed, then increasing short consultation times by a few minutes could double the odds of a child's being treated correctly. We found that most consultations occurred in a 4-hour period in the morning. Thus, most health facilities have the potential to space consultations more evenly tiiroughout the day, thereby ensuring enough time for each child.
The paradoxical association between correct treatment and the absence of a treatment chart might be explained by chance (only four health facilities had charts). Despite the findings of this study, treatment charts have been successfully used as job aids in other settings (4) .
The lack of association of in-service training and correct treatment is consistent with other studies, and there are several possible explanations (6, 8) If health care workers were acquiring knowledge from pharmaceutical companies, nongovernmental programs, or other trained health care workers, the apparent influence of participating in a governmentsponsored training course may have been attenuated. Third, the sample size may have been too small to detect an important difference; however, this explanation is unlikely because the estimated odds ratio was substantially lower than one.
A fourth possible explanation for the lack of association between training and treatment is that training improves knowledge, but knowledge is not sufficient to improve clinical performance. This explanation seems credible since we were unable to find an association between fever treatment knowledge and correct fever treatment. Our failure to find an association between knowledge and correct treatment is consistent with other studies showing that correct knowledge does not translate into correct behavior (6, 8) .
The lack of association between supervision and correct treatment was unexpected. Although few studies have examined the independent effect of supervision on health care worker performance, small studies in Africa and the Philippines have suggested an association between supervision and improved knowledge, planning, and the clinical skills of health care workers (4, (9) (10) (11) . Additionally, multiple interventions that included supervision have been shown to improve health care worker performance, although the design of these trials prevented investigators from evaluating the independent contribution of supervision (4, 13) .
One study failed to find an association between supervision and correct treatment. In western Kenya, the proportion of children with diarrhea correctly treated by supervised health care workers was slightly lower than the proportion for unsupervised health care workers (L. A. Lee, Centers for Disease Control and Prevention, unpublished manuscript). This study, like ours, was a cross-sectional study in which the specific content and quality of supervisory visits could not be adequately evaluated. It is possible that neither study found supervision to be associated with correct treatment because the case management skills for the illnesses studied were not those addressed during supervisory visits. For example, in the Central African Republic, if supervisors had focused on the correct treatment of diarrhea during recent visits, there would be little reason to expect the fever treatment ability to be different between supervised and unsupervised health care workers.
In conclusion, we emphasize that the results from this study represent an exploratory analysis of the data collected by an observational study of modest sample size and therefore are best interpreted with caution. A child's having a high fever, correct diagnoses by health care workers, and caregivers who communicate their children's symptoms were all independently associated with correct treatment. Neither in-service training nor supervision was associated with correct treatment. While we do not mean to imply that training and supervision are useless components of child survival programs, we are concerned by the scarcity of evidence from well-designed trials that supports these commonly used interventions.
The global public health community needs to examine the data supporting the interventions used by child health care programs and to conduct targeted research to address unanswered questions regarding the factors that determine health care worker performance. These studies should examine multiple factors such as training, supervision, drug supply, and time management. Understanding what causes health care workers to perform well should help policymakers design more effective child health programs.
